Introduction
Nonalcoholic fatty liver disease (NAFLD) is the hepatic manifestation of metabolic syndrome and is one of the most common causes of chronic liver disease worldwide [1, 2] . In general, the disease is divided into two sub-groups as simple steatosis and nonalcoholic steatohepatitis (NASH). It is well known that the NASH may progress to advanced fibrotic disease and lead to cirrhosis. In this aspect, identifying advanced fibrosis and distinguishing NAFLD as simple steatosis or NASH are clinically important. The liver biopsy, as an invasive method, is still the gold standard for diagnosis of NAFLD and differentiation of NASH.
Connective tissue growth factor (CTGF) is a cysteine-rich member of heparin-binding proteins and it is associated with extracellular matrix. It has a vital role in chondrogenesis, angiogenesis and skeletal system development during embryonic period [3] . Also it plays a crucial role in some important cellular functions as cell proliferation and differentiation [4, 5] , extracellular matrix synthesis [6] , cell adhesion to extracellular matrix [7, 8] and cell migration [7] . It has been shown that CTFG induces the production of extracellular matrix by stimulating transcription of type 1 collagen [8] . Also recent reports have shown higher CTFG expression in cases with increased connective tissue in lungs, bowel, kidney and liver [9] [10] [11] [12] [13] [14] [15] . Also another recent study has found increased expression of CTFG correlating with severity of fibrosis independent of inflammation in patients with chronic hepatitis C [12] .
In this observational, case-control study, we investigated serum levels of CTGF in patients with NAFLD and examined the association between levels of this molecule with clinical, biochemical and histological fibrosis scores.
Methods

Study subjects
The study protocol was approved by our local ethics committee and all volunteers gave written informed consent. Fifty patients with biopsy proven NAFLD (23 men and 27 women; mean age 44.4 ± 10,7 years) and 28 healthy comparison subjects (13 men and 15 women; mean age, 42,7 ± 8,7 years) were included in the study. The patients who had admitted to our clinic in last one year with high transaminase levels and with diagnosis of NAFLD in histopathological evaluation were included into the study. All of them had ALT elevations for at least 6 months, and had no history of any hepatotoxic drugs, hormone replacement therapy or any herbal products and no alcohol consumption more than 20 g/day. History of alcohol or hepatotoxic drugs (including herbals), viral serology, autoimmune markers, iron status, ceruloplasmin, serum and 24-hours urinary copper, alpha-1 antitrypsin levels, thyroid functions, eye examination (Kayser-Fleischer rings), ultrasonography (for exclusion of malignancy and/or cholestatic diseases) were assessed. The patients having hepatosteatosis in ultrasonography were followed up for next 6 months. An ultrasonography (US)-guided liver biopsy was performed to the patients with high transaminase levels persisting after sixth month and those having NAFLD diagnosis were enrolled into the study. Prior to liver biopsies all patients gave written informed consent. The local ethical committee gave approval to the study. The healthy control group had no illness, no alcohol consumption, no drug or herbal substances, no history of previous liver diseases, negative for viral hepatitis serology, and having normal liver US.
Clinical assessment
A complete physical examination was performed to all subjects. Anthropometric assessment of height and weight were measured, body mass index (BMI) (kg/m2) was calculated and waist circumference (cm) was measured. Blood pressures were measured after a ten minutes rest in a quiet room. Venous blood samples were taken in the morning after a twelve hours fasting. Complete blood counts and biochemical parameters were assessed using standard methods. The serum samples were centrifuged for 10 minutes at 2500 g and serum was stored at −80C until analysis. The Adult Treatment Panel III [16] for metabolic syndrome and American Diabetes Association [17] criteria was used for diabetes mellitus diagnosis. HOMA-IR index [fasting plasma insulin (mU/ml) x fasting plasma glucose (mg/dl)/405.23] was used for determining insulin resistance. All ultrasonographic examinations and ultrasound guided percutaneous liver biopsies were performed by the same radiologist.
Serum CTGF levels were measured duplicate by enzyme-linked immunosorbent assay (Uscn Life Science Inc, Wuhan, China) kit according to the manufacturer's instructions. The minimum detectable value was 11.4 ng/l. The intra-assay and the inter-assay coefficients of variation for CTGF were < 10% and < 12%, respectively. All biochemical tests were performed in a blind manner.
Histological analysis
All patients in this study underwent US-guided percutaneous liver biopsy. The liver specimens obtained were accepted sufficient if the length of the tissues were greater than 2 cm and/or showing more than six portal areas in histological examination. The liver specimens were stained with hematoxylin-eosin, Masson's trichrome and reticulin silver stains. They are scored and evaluated by an experienced hepatopathologist blind to the clinical status of the patients. Histological evaluation was done according to the NAFLD [18] . Hepatic steatosis was graded from 1 to 3 according to the steatosis ratio as 5-33%, 33-66% and > 66% representing score 1, 2 and 3 respectively. Lobular inflammation was defined as an overall assessment of all inflammations; no foci as score 0, < 2 foci per x200 field as score 1, two-four foci per x200 field as score 2, more than 4 foci per x200 field as score 3. Ballooning scoring was defined as score 0 if there is no ballooning of hepatocytes, score 1 if there are few and score 2 if there are numerous ballooning. Fibrosis was staged as follows: stage 0, no liver fibrosis; stage 1, perisinusoidal or periportal fibrosis; stage 2, perisinusoidal and portal/periportal fibrosis; stage 3, bridging fibrosis and stage 4, cirrhosis. Histologically, total NASH score was calculated as a sum of steatosis (1-3), lobular inflammation (0-3) and ballooning (0-2). The total NASH score was defined as 0-2 as simple steatosis, 3-4 as borderline NASH, 5 or greater as definitive NASH [18] .
Statistical analysis
Data were processed on a personal computer and analyzed using SPSS 16.0 (SSPS Inc., Chicago, IL, USA). Normally distributed continuous variables were presented as mean ± standard deviation; skewed continuous variables were characterized by medians and interquartile ranges. The student t test was used in the evaluation of the difference between the two averages of the independent groups. Differences in the levels of CTGF among the groups were determined by one-way analysis of variance followed by Bonferroni multiple comparison post-hoc test. Categorical data were analyzed by using the x 2 test. Spearman rank correlation was used to examine the relationship between variables. Multiple linear regression analysis was performed to evaluate the independence of the association between CTGF levels, clinical, biochemical and histological parameters of liver injury in NAFLD patients. The covariates for these analyses were age, waist circumference, AST, histological steatosis scores and fibrosis stages. Receiver operating characteristic (ROC) curve analysis was used to identify the optimal cutoff value of CTGF for distinguishing patients with severe fibrotic from no and mild or moderate fibrotic NAFLD. The P values less than 0.05 were considered statistically significant.
Results
The main clinical and laboratory characteristics of the patients and controls are described in Table 1 . The age and gender distribution rates were similar between patients with NAFLD and controls. Body mass index, waist circumference, C-reactive protein, HOMA-IR index, total and LDL cholesterols, triglycerides and transaminase levels in patients with NAFLD were significantly higher than controls ( Table 1) . As expected, the prevalence of MS and diabetes mellitus in patients with NAFLD was 63% and 30%, respectively [19] [20] [21] .
Levels of CTGF in patients with NAFLD were significantly higher than those of the controls (P < 0.001) ( Table 1 ). Six (12%) patients had simple steatosis, 16 (32%) patients had borderline NASH and 28 (56%) patients had definitive NASH in the NAFLD group. As assessed by one-way analysis of variance, circulating CTGF levels were significantly different across the four study subgroups (P < 0.01). Specifically, the Bonferroni multiple comparison post-hoc test indicated that concentrations of CTGF were significantly higher in patients with definitive NASH (720 ± 609 ng/l, P < 0.001) compared with controls (288.5 ± 97.7 ng/l). There was no difference between other subgroups [borderline NASH (491 ± 431 ng/l) and simple fatty liver (416 ± 280 ng/l)].
NAFLD cases were analyzed according to their subgroups by fibrosis score in liver, no fibrosis (stage 0) (n = 18), mild fibrosis (stage 1-2) (n = 22) and advanced fibrosis (stage 3-4) (n = 10) and the serum levels of CTGF were increased parallel to increased fibrosis (308.2 ± 142.9 ng/l, 519.9 ± 375.2 ng/l, 1353.2 ± 610 ng/l, respectively) and the differences between all groups were statistically significant (P < 0.001) (Fig. 1) . The post-hoc analysis of serum CTGF levels of severe fibrosis subgroup were significantly higher than all other subgroups (P < 0.001) (Fig. 1) . After separation of severe fibrosis subgroup, there was no difference between other subgroups.
In correlation analysis, serum CTGF levels had positive correlations with age (r = 0256, P = 0.025), waist circumference (r = 0295, P = 0.009), AST (r = 0.361, P = 0.002), NASH scores (r = 0334, P = 0.018) and fibrosis scores (r = 0566, P < 0.001) (Fig. 2) .
Histological steatosis, lobular and portal inflammation had no correlation with serum levels of CTGF. In addition, stepwise multiple regression analysis, including all the correlated parameters, determined that the serum CTGF level in patients with NAFLD was an independent predictor for determining the stage of histological fibrosis (β = 0662, t = 5.6, P < 0.01).
For distinguishing advanced fibrosis from other NAFLD subgroups, analysis of CTGF levels with a threshold of 904 ng/l revealed an area under the ROC curve as 93.1% (Fig. 3) . For the same threshold value for this differentiation of advanced fibrosis had positive predictive value as 72.7%, negative predictive value as 94.7%, sensitivity as 92.3% and specificity as 80%.
Discussion
In the present study, (a) serum CTGF was significantly higher in patients with NAFLD compared with controls, (b) serum CTGF was significantly higher in patients with severe fibrosis compared with no or mild fibrosis stages, (c) there was a significant correlation between serum CTGF levels and NASH scores and fi- brosis stages in patient with NAFLD and (d) serum CT-GF level was found to be an independent predictor of histological fibrosis stage in patients with NAFLD.
In recent studies, it is shown that CTGF expressed by hepatocytes had a stimulating effect together with the transforming growth factor beta (TGF-β) which is an important mediator of liver fibrogenesis on the formation of extracellular matrix by hepatic stellate cells [22] . In a study, Zhang et al. indicated that the stage of fibrosis in patients with chronic hepatitis was positively correlated with serum CTGF levels [13] . Recently, Kovalenko and his colleagues reported a study showing significantly higher serum CTGF levels in patients with chronic hepatitis C compared to healthy controls (P < 0.001) [23] . They found that CTGF levels showed a peak in advanced stage of fibrosis which was similar to our results. There was no correlation between serum CTGF levels and histological necroinflammatory score of HCV cases in the same study. Hora et al. reported a study observing CTGF expression in chronic HCV cases [12] . Similar to Kovalenko's study, they found an increase in CTGF expression parallel to increased fibrosis, but not correlating with necroinflammation level. Different than these studies our results showed a correlation between disease stage and serum CTGF levels. This difference may be due to our different patient population as NAFLD which has different etiology and pathogenesis than viral hepatitis. In a study by Cayón et al. revealed that non-obese and non-fibrotic NASH patients had significant increase in hepatic gene expression of CTGF compared to non-NASH cases [24] . In the study of Tarantino et al. TGFβ-1 levels were found to be higher in simple steatosis cases compared to patients with chronic hepatitis C [25] . Even though it is not statistically significant, serum CTGF levels were slightly elevated in simple steatosis cases compared to healthy controls in our study. This difference may be associated with free-fatty-acid-induced liver toxicity and subsequent subclinical inflammation in simple steatosis cases [26] .
Very recently, the experimental animal model by Wang and colleagues administration of recombinant human monoclonal anti-CTGF antibodies prevented fibrosis formation induced by intraperitoneal injection of CTGF and TGF-β [27] . In this sense, in case of confirmation by larger-scale studies, anti-CTGF antibodies may be a potential alternative in the treatment of fibrosis in NAFLD patients.
Several caveats are inherent in this study. First, the causal link between serum CTGF levels and hepatic steatosis couldn't be clarified since this was a casecontrol study. To overcome this defect a longitudinal study has to be planned related to the causal relationship between serum CTGF level and liver steatosis. The number of patients, limiting the distinction of our results, was the second issue. Third, the study group consisted of only Turkish ethnicity limiting the generalization of these conclusions. Fourth, for exclusion of NAFLD in control group normal biochemical and ultrasonographic findings were accepted sufficient, and because of ethical concerns, no liver biopsies were performed. Finally, we were unable to study hepatic CTGF expression in liver biopsies. Such data would generally present more information about the source of elevated circulating CTGF levels and the regulation of CTGF in hepatic steatosis.
In conclusion patients with NAFLD, compared to controls, had significant increase in serum CTGF levels and this was correlated with the degree of fibrosis. In addition, serum CTGF level was an indicator of liver fibrosis in patients with NAFLD. As a result, it can be concluded that CTGF level may be a useful parameter in differentiating the advanced fibrotic NAFLD patients from other levels of fibrosis in clinical practice.
